Abstract. The second Born amplitude (with the exact propagator replaced by the free particle propagator) for the electron capture reaction H+ + H( 1s) + H( 1s) + H+ is reduced to a two-dimensional integral. The integrand has several singularities, which are dealt with. Results of the numerical integration of the cross section for various energies in the 25-200 keV range are presented.
Recently Miraglia etal(l981) and Simony and McGuire (1981) evaluated by numerical integration the second Born amplitude, with the free particle propagator, for the electron capture process (1) They did this by first reducing the amplitude to a three-dimensional integral. The main purpose of the present letter is to show that this amplitude can be reduced to a two-dimensional integral. After circumventing certain difficulties caused by singularities in the integrand, as explained below, we evaluated this two-dimensional integral numerically for various projectile energies in the 25-200 keV range. While the second Born approximation is very inaccurate in this energy range, we take this opportunity to present our results since they can provide a standard for comparison. Simony and McGuire have carried out calculations at energies up to 50 MeV, where the second Born approximation for reaction (1) becomes accurate.
As a slight generalisation of reaction (l), we let the target and projectile nuclei be bare ions with unspecified atomic numbers ZT and Zp, respectively, and with masses MT and Mp, respectively. We work throughout in atomic units so that h and the electron charge and mass are unity. We introduce the average momentum transfer vectors K and J defined by
where, in the centre of mass frame of all three particles, Ki is the initial momentum of the projectile ion and -Kf is the final momentum of the target ion. Corrections of order l/Mp and l/MT are hereafter neglected. Since the integrated cross section is unaffected by the internuclear potential up to corrections of order l/Mp and ~/ M T (see, for example, Wilets and Wallace 1968) and where, within the second Born approximation (with the full propagator approximated by the free particle propagator), d = dl +d2; d l is the first-order Born amplitude
d2 is the second-order Born amplitude which, after Fourier transformation, can be written as (see, for example, McDowell and Coleman 1970)
where 7 is positive but infinitesimal and where a is to be set equal to Zp after the differentiation has been performed. Note that the imaginary part of d2 is negative; this provides a check on the numerical integration. The integrand of equation (76) has singularities at points where any one of the following equations is satisfied $ and J, and K, are the components of J and K, respectively, perpendicular to U. Equation ( 
where
The integral over U in equation ( l l a ) can be evaluated using the formulae of section (2.26) of Gradshteyn and Ryzhik (1965) . Therefore I can be reduced to a twodimensional integral over y and qz. We will not give the complete closed form expressions for I' and dI'/aa since they are rather complicated. The singularities listed in equations (8) After taking care of the singularities in the fashion just described, we evaluated the two-dimensional integral of equation ( l o a ) using the nine-point sixth-order multidimensional integration rule given by formula (25.4.62) of Abramowitz and Stegun (1970) . This rule is probably not the best one for our purpose. However, our main concern was to demonstrate that we had overcome all of the troublesome features of the integrand, and we made no attempt to determine the best integration rule. Our results for reaction (1) at energies in the 25-200 keV range are shown in table 1. We have also shown for comparison the (presumably fairly accurate) results of the 2 X 34 coupledstates calculation of Shakeshaft (1978) , where these results are available. It is apparent that the second Born approximation is very inaccurate in the 25-200 keV energy range. Our result for (+Born2 at 100 keV differs (in the second place) from the value 1.6 TU: for (+Born2 calculated by Miraglia et a1 (1981) ; the source of this discrepancy is not known. As a further numerical check, at 25 keV we evaluated aI/aa by numerical differentiation of I, and obtained the same results as we obtained from analytic differentiation. At energies in the MeV range, the integrand of equation ( l o a ) peaks fairly sharply in some regions of the y -qz plane and it might be helpful (we have not investigated this matter) to perform the integrations over these regions approximately in closed form.
